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USE OF GLYCOSAMINOGLYCANS SUCH AS E.G. HEPARIN FOR THE TREATMENT OF 
RESPIRATORY DISORDERS SUCH AS COPD 

Field of Invention 

The present invention relates to treating chronic airflow limitation of the lung. 

5 

Background of Invention 

Chronic airflow limitation (CAL) is a common disease worldwide. The 
majority of individuals with CAL are smokers, or former smokers, and this is thought 
to be one of the primary causes of the condition. However, not all sufferers of CAL 

10 are smokers and it is also believed that exposure to pollutants and/or certain inhaled 
chemicals may also be a contributory factor in the development of CAL. 

At present CAL is treated only in its more developed stages using a variety of 
bronchodilators such as £ 2 agonists and anticholinergic agents. A proportion of 
those with CAL respond to steroids, such as glucocorticosteroids. The existing 

15 treatments for CAL are generally regarded as only partially effective and are not 
thought to halt the progressive decline in lung function. An unfortunate factor is that 
CAL is only diagnosed in its later stages, at which point the decline in lung function 
is already well advanced. 

The only proven disease modifying intervention at present recognised for 

20 CAL is the cessation of smoking. Stopping smoking may only slow the progressive 
. decline in lung function found in CAL. It is thought that inflammation may continue 
even after smoking is stopped and that the existing inflammation, and in particular 
inflammatory cells present in the lung, may cause the release of inflammatory 
mediators that prolong or even amplify the existing inflammation. In addition, 

25 stopping smoking is often difficult for sufferers with some not stopping at all or 

resuming smoking later on. On average less than one third of patients are able to give 
up cigarettes even with support. 

Summary of the Invention 

30 The present invention is based on the unexpected finding that 

glycosaminoglycans with an average molecular weight of from 8 to 40 kd can be 
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used to treat CAL. The use of heparin is especially preferred. The use of 
administration by inhalation and/or intranasally is also particularly preferred. 

Accordingly, the present invention provides for the use of a glycosaminoglycan 
or a physiologically acceptable salt thereof in the manufacture of a medicament for 
5 treating chronic airflow limitation (CAL) wherein the said glycosaminoglycan or the 
salt has an average molecular weight of from 8 to 40 kilodaltons. 
The present invention also provides: 

a method of treating CAL comprising administering to a subject 
suffering from CAL an effective amount of a glycosaminoglycan or a physiologically 
10 acceptable salt thereof, where the glycosaminoglycan or salt has an average 
molecular weight of from -8 to 40 kilodaltons; and 

an agent for treating CAL comprising a glycosaminoglycan or a 
. physiologically acceptable salt thereof, where the glycosaminoglycan or salt has an 
average molecular weight of from 8 to 40 kilodaltons. 
15 The present invention further provides a kit comprising: 

a glycosaminoglycan, where the glycosaminoglycan or salt has an 
average molecular weight of from 8 to 40 kilodaltons; 

instructions for administering the glycosaminoglycan or salt to a 
subject suffering from CAL; and 
20 - packaging. 

Brief Description of the Figures 

Figure 1: Effect of mucolytic agents on CAL sputum (n=3). As described 
in Example 1, CAL sputum was homogenised and mucolytic added on a 10 % v/w 

25 basis. Mixing was performed using a 1 9-gauge needle. Carboxylate-modified 

fluorescent beads were added to sputum sample in a 1 : 1 ratio (v/w). After vortexing, 
20 \x\ of sample was added to each upper well of a micro-boyden chamber. The 
upper and lower wells of the chamber were separated by an 8 pm polycarbonate 
filter, and the lower wells contained 25 pi PBS. The chamber was centrifuged for 5 

30 mins at 1000 rpm to remove air bubbles prior to incubation at 37°C, 900 rpm, for 4 
hours in the dark. Following incubation the chamber was dismantled and the 
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fluorescence of the solution in the lower wells measured. The results for PBS, 
heparin, DNase and dextran sulphate (a non-glycosaminoglycan control) are shown 
in the top panel. The results for a mixture of chondroitin sulphates A and C are 
shown in the bottom panel. 

5 Figure 2: Atomic Force Microscopy (AFM) imaging of DNA. As 

described in Example 2, calf thymus DNA (0.1 mg/ml) was treated with heparin (0.1 
mg/ml) and AFM was performed in air under ambient conditions using a TopoMetrix 
TMX2000 Scanning Probe Microscope (ThermoMicroscopes, Bicester, UK). Panel 
A shows untreated DNA and Panel B shows DNA treated with heparin. 

10 Figure 3: Atomic Force Microscopy (AFM) imaging of DNA. Further 

Atomic Force Micrographs of DNA (100 fig/ml) treated with lower concentrations of ' 
heparin. Panel A shows the results for untreated DNA: Panel B for DNA treated with 
0.1[ig/ml heparin; Panel C for DNA treated with 1 |ag/ml heparin; and Panel D for 
DNA treated with 10 [ig/ml heparin. 

15 

Detailed Description of the Invention 

Chronic airflow limitation disorder (CAL) is a progressively dehabilitating 
condition which is often fatal. It is one of the most frequent causes of adult fatality. 
The present invention provides various medicaments, agents, methods and kits for 
20 the treatment of CAL sufferers. These medicaments comprise a glycosaminoglycan, 
or a salt thereof. The glycosaminoglycan or salt will have an average molecular 
weight of from 8 to 40 kilodaltons. 

Subjects treated 

25 The medicaments and methods of the present invention are to be used to treat 

subjects suffering from, or at risk of developing, CAL. Typically-, the subject will be 
a human but, as discussed further below, may be a vertebrate animal. CAL is a 
disease state characterized by airflow limitation that is not fully reversible. The 
airflow limitation is usually both progressive and associated with an abnormal 

30 inflammatory response of the lungs to noxious particles or gases. In particular, 
although not exclusively, CAL is associated with smoking. 
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For the purposes of the present invention CAL may be defined as a condition 
where there is a progressive decline in lung function, with the affected subject having 
an FEV, of less than 80% of that predicted for an individual of that age/race and/or 
height and/or who displays a FEV,/FVC ratio of less than 70%. In an especially 
5 preferred embodiment, the subject to be treated will have an FEV, of less than 75% 
of that predicted. 

Typically the reduction of FEV, is only partially reversible. In particular the 
reduction in FEV! is only partially reversible by treatment with bronchodilators such 
as, for example, $2 adrenergic agonists and in particular salbutamol. 

10 FEV, is defined as the maximal forced volume which can be expired in one 

second starting from maximum inspiration (European Resp. Journal, 1993; 6: Suppl. 
16 and Coates, Lung Function,: Assessment and Applications In Medicine, 4 th 
Edition, Oxford, Blackwell, 1969). It can be measured by standard techniques well 
known in the art i.e. by spirometry. The FEV, for an individual may be from 10 to 

15 80% of that predicted. Typically, the FEV, of the subject will be from 10 to 75% of 
the predicted value. Preferably the subject may have a FEV I of from 60 to 75% the 
predicted value, more preferably from 40 to 60% of predicted and even more 
preferably a value below 40% of that predicted. The subject may have an FEV, of 
less than 70%, preferably less than 60%, more preferably less than 50%> and even 

20 more preferably less than 40% of that predicted. As discussed further below, the 
subject will typically have a history of exposure to pollutants or chemicals and in 
many cases will be, or have been, a tobacco smoker. 

The FEV, value for the subject will normally be measured against predicted 
values and adjusted for age/sex/race and/or height. Predicted values may be those 

25 taken from Coates (supra). The expected value, which the value obtained for the 
subject may be compared to, may be the average expected value for smokers, or non- 
smokers, or both groups combined, preferably the expected value will be that for 
non-smokers not suffering from CAL (Coates, supra). 

The reduction in FEV, in the subject will only be partially reversible and in 

30 particularly only be partially reversible on administration of a bronchodilator. Thus, 
for example, an increase in FEV, over the base-line value for the subject (i.e. that 



WO 03/0681 87 PCT/GB03/00663 

5 

prior to administration of the bronchodilator) of more than 15%, preferably more 
than 20% and even more preferably over 25% will be regarded as reversibility. The 
increase may begin from 5 to 30, preferably from 10 to 25, more preferably over a 
period of from 15 to 20 minutes after the administration of the bronchodilator. 
5. Preferably the increases will begin from 1 5 minutes after the administration of the 
bronchodilator. The increases persist typically from 3 to 6 hours, preferably from 4 
to 5 hours and more preferably 4 hours. Typically the bronchodilator used in 
assessing reversability will be a (J 2 adrenergic agonist such as salbutamol, or 
ipratropium. In one embodiment of the invention the reduction in FEV 1 may be 

10 totally, or almost totally refractory to treatment with bronchodilators. 

The subject may also show similar minimal increases in FEV 1 with steroid 
drugs such as Becotide™ or Prednisolone™ although typically response to such 
agents will not be used to define reversibility. The increases will also occur over a 
longer time period such as after 2 to 3 days and, if the steroid drugs are continually 

15 administered, persist. If steroids are stopped the improvement may persist for from 
12 to 48 hours, or for days, weeks or even months, such as from six hours to six 
weeks, preferably from 1 day to 3 weeks. 

Tests to assess reversibility of reduction of FEV, will typically be performed 
when the subject is clinically stable and free from infection. The subject should not 

20 have taken, or have had administered to them, inhaled short-acting bronchodilators in 
the previous six hours, long-acting p agonists in .the previous 12 hours or sustained 
release theophyllines in the preceding 24 hours. 

Spirometric values should typically be measured before and after an adequate 
dose of inhaled bronchodilator is given to the subject. The dose should preferably be 

25 selected to be high on the dose/response curve and usually will be given by nebuliser 
to be certain it has been inhaled. A similar dose may be given with multiple 
inhalations from a metered dose inhaler and large volume spacer, but this is less 
preferred. A typical dosage/measurements protocol for a human subject would be: 
before and 15 minutes after 2.5 to 5mg nebulised salbutamol or 5 to 10 

30 mg terbutaline; 

before and 30 minutes after 500 pg nebulised ipratropium bromide; or 
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before and 30 minutes after both in combination. 
Equivalent protocols may be used for non-human subjects. 
The FVC of the subject may also be measured in the diagnosis of CAL. The 
ratio of FEV, to FVC can be used in the diagnosis of CAL. Subjects to be treated will 
5 typically have an FEV, /FVC value of less than 70%. The ratio of FEV, /FVC may be 
below 65%, preferably below 60%, more preferably below 55% and even more 
preferably below 55%. In an especially preferred embodiment, a subject will have a 
FEV, /FVC of below 70% and also have a FEV, value of 80% or less of that 
predicted. 

10 FVC (forced vital capacity) corresponds to the maximal volume of air forcibly 

exhaled from the point of maximal inhalation and can be measured using standard 
spirometry. In particular, the above specified values for FEV, /FVC will be those 
after administration of a bronchodilator as outlined above. The reduction in FEV, 
/FVC will typically show the same lack of reversibility as FEV,. 

15 Spirometric assessment, is the most preferred method for diagnosing CAL and 

hence method for identification of subjects who may be treated. Accordingly, in an 
especially preferred embodiment of the invention spirometric assessment will be 
used in the diagnosis of a subject who has CAL and hence is treatable using the 
invention. In addition, the symptoms displayed by the subject may also be assessed 

20 to help confirm a diagnosis of CAL. Typically diagnosis will involve spirometric 
assessment in combination with assessment of the symptoms of a subject as well as 
elucidating whether the subject has a history of exposure to risk factors. In some 
situations spirometric assessment may not be possible, particularly in situations 
where resources are limited, and CAL will be diagnosed by alternative means such as 

25 by looking for the symptoms of CAL listed herein and a history of exposure to risk 
factors for CAL. Although chest X-rays are not typically indicative of whether or not 
a subject has CAL, they may be used to diagnose other respiratory disorders, such as 
TB, and hence rule out CAL. 

The subject will show, or have previously shown, an accelerated rate of decline 

30 of lung function compared to the average expected for an equivalent individual not 
suffering from CAL and in particular for an equivalent non-smoking individual. The 
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subject may display shortness of breath and in particular may do so after physical 
exertion such as on exercise. Typically, this will not be induced by exposure to an 
allergen. The subject may also show increased incidence of bacterial or viral 
infection and this may exacerbate the condition. 

5 The individual may show a rate of decrease in FEV, one, two, three, four or 

more times greater than the average annual value expected for an equivalent 
individual not suffering from CAL. For instance a subject over thirty may show an 
annual reduction of from 50 to 100, preferably from 50 to 80 and more preferably 
from 60 to 70 ml FEV/yr compared to a reduction of from 10 to 40 and typically of 

10 20 to 40 ml of FEVj/yr in the equivalent non-smoker. These values may also apply to 
non smoking sufferers of CAL such as where the disorder is caused by pollutants. 

Subjects with CAL may display one or more, and sometimes all, of cough, 
increased sputum production, dyspnea, and/or a history of exposure to risk factors for 
the disease. In the case of cough, increased sputum and dyspnea these may have 
. 15 been present for extended periods of time such as at least a month, preferably six 
months, more preferably at least a year and still more preferably for at least two 
years. Chronic cough and sputum production often precede the development of CAL 
and may be indicative of individuals for which the invention can be used 
prophylactically to prevent the development of CAL. 

20 The subject may have a history of exposure to pollutants and/or chemicals 

and in particular to those in a form which can be inhaled. In particular, the subject 
may be a tobacco smoker or a former tobacco smoker. Typically, the subject may be, 
or have been, a heavy smoker, smoking from 10 to 100, preferably from 20 to 60, 
more preferably from 25 to 50 and even more preferably from 30 to 40 cigarettes per 

25 day. The subject may have done so for several years such as from 5 to 50, preferably 
from 10 to 40, more preferably from 15 to 30 and even more preferably from 20 to 
25 years. The subject may typically have a smoking history of from 1 to 20, 
preferably 21 to 40, more preferably 41 to 60 pack years. They may have a smoking 
history, for example, of from 1 to 50, preferably from 10 to 40, more preferably from 

30 20 to 30 pack years. 

The individual may have been, or be, a pipe or cigar smoker. The individual 
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may have chewed tobacco or products containing tobacco. In some cases the 
individual may have been passively exposed to tobacco smoke rather than smoke 
themselves. Thus the subject may, for example, have been cumulatively exposed to 
passive tobacco smoke for long periods due to their work, leisure and/or home 
environments. The subject may use inhaled drugs such as, for example cannabis or 
other drugs commonly mixed with tobacco, before smoking. 

The subject will typically be a mature adult. For example, the subject may be 
from 21 to 85, preferably from 25 to 70, more preferably from 30 to 60 and even 
more preferably from 40 to 50 years of age. The onset of any of, or a particular, 
symptom mentioned herein, will typically have been in adulthood. For example, the 
subject may have been at least 20, more preferably at least 25, still more preferably at 
least 30 and even more preferably at least 35 years of age before they experienced a 
particular symptom. In particular, the symptoms associated with more advanced 
stages of CAL, such as any of those mentioned herein, may have their onset at such 
later stages of life. Subjects with a genetic predisposition to developing CAL, such as 
those with a r antitrypsin deficiency, may develop CAL earlier, For example, they 
may display one or more, or a particular, symptom at from 10 to 21, preferably from 
12 to 18, or more preferably from 14 to 1 6 years of age. Alternatively, they may first 
show the symptom at any of the age ranges mentioned herein. The subject may have 
been diagnosed at any of the ages, or within any of the age ranges, specified herein. 

The subject may have additionally been, or alternatively been, exposed to 
other chemical or environmental pollutants. The subject may have been exposed to 
occupational dusts and chemicals (vapours, irritants and fumes) and/or indoor or 
outdoor air pollution. The subject may have a history of exposure to particulate 
matter, irritants, organic dusts and sensitising agents. The subject may work, or have 
worked, in an environment which exposes them to chemicals and/or pollutants. Thus, 
for example, the subject may be a factory worker or miner such as a coal miner. The 
subject may cook in kitchens with poorly ventilated cooking stoves such as in the 
presence of kerosene cookers. This, in particular, may be the case in developing 
countries such as Africa. The subject may work in the construction industry. The 
subject may have been exposed to high levels of pollution, such as exhaust emissions 
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from vehicles or other engines. The subject may have been exposed to smog or 
sulphur dioxide containing emissions. The individual may live in the city centre. The 
individual may live in close proximity to heavy industry. 

The subject may have a genetic predisposition to developing CAL and may 
display a family history of the condition. For example, the subject may have a r 
antitrypsin deficiency and hence be predisposed to developing CAL. Subjects at risk 
of developing CAL may have had low birth weights and/or a history of exposure to 
pollutants in the womb or in early life. The mother of the subject may be a smoker 
and may have continued to smoke during pregnancy. The subject may have had a 
history of severe childhood respiratory infection. Reduced maximal attained lung 
function, as measured by spirometry, may identify individuals who are at increased 
risk of developing CAL. 

The subject may have an early stage of CAL in which the symptoms are 
generally moderate and may have periods of normality or of at least reduced 
symptoms. Alternatively, the subject may have a more developed stage of CAL in 
which the symptoms, and particular the reduction in FEV, is more pronounced. 
Preferably, the methods and medicaments of the invention are used, or administered 
at, an early stage of CAL so that they can arrest, slow or regress the increased rate in 
FEV, decline at as early a stage as possible. 

CAL is typically a progressive disorder with the severity of CAL and the 
extent to which it has an impact on the sufferer increasing over time. Thus there may 
be a progressive manifestation in the symptoms of the disorder. Chronic cough is 
usually the first symptom to develop. It may initially be intermittent, but later may be 
present every day. The cough will typically be present throughout the day, rather than 
just at night and in the morning. In some cases, significant airflow limitation may 
develop without the presence of a cough. Small amounts of tenacious sputum are 
commonly raised after coughing bouts. 

As the disease progresses the subject may experience dyspnea. The onset of 
dyspnea will often be one of the reasons why a human subject will first consult a 
physician as it can be dehabilitating and also induce anxiety. As the lung function of 
the subject deteriorates further, breathlessness becomes more intrusive. The subject 
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may display wheezing and chest tightness. The dyspnea may become worse during or 
after exercise. Respiratory infections may also exacerbate the condition and cause 
increased dyspnea. Human subjects may indicate that the dyspnea progressively 
impairs their ability to carry out physical labour and to exert themselves. 
5 CAL sufferers are sometimes split into categories which reflect the stage and 

severity of the disease. This can help define the needs of a particular subject and what 
course of treatment should be administered. In one classification (GOLD Executive 
Summary, supra) subjects are split into the following categories: 

10 Category 0 - At risk 

Lung function, as measured by spirometry, is. normal. 
Chronic symptoms (cough, sputum, production). 

Typically, human subjects will be unaware of abnormal lung function. " 

15 Category I: Mild CAL 
Mild airflow limitation. 
FEVj/FVC < 70%. 

FEVj greater than, or equal to, 80% of that predicted.. 
With or without chronic symptoms (cough, sputum, production). 
20 Human subjects may be unaware that their lung function is abnormal. . 

Category II: Moderate CAL 
Worsening airflow limitation. 
FEV,/FVC < 70%. 

25 FEVj from 30 to 80% of that predicted (category can be subdivided into: IIA - FEV, 
from 50 to 80% of that predicted; and 1IB - FEV, from 30 to 50% of that predicted). 
With, or without, chronic symptoms (cough, sputum, production, dyspnea). The 
symptoms may typically become more pronounced on exertion. Human subjects are 
likely to be aware of the condition and have sort medical advice. 
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o 

Category III: Severe CAL 
Severe airflow limitation. 
FEV/FVC < 70% 

5 FEV, less than 30% predicted or alternatively an FEV, less than 50% of that 

predicted in conjunction with respiratory failure or clinical signs of right heart failure 
(respiratory failure: arterial partial pressure of qxygen (Pa0 2 ) less than 8.0 kPa (60 
mm Hg) with or without arterial partial pressure of C0 2 (PaC0 2 ) greater than 6/7 kPa ' 
(50 mm Hg) while breathing air at sea level). 

10 

The subject to be treated using the invention may fall within any of the above 
categories. In particular, the subject may be one in categories I to III, preferably in 
categories II to III, and even more preferably in category III. The invention also 
encompasses the treatment of individuals at risk of CAL (category 0) and with an 

15 early stage of the disorder (category I). 

CAL is typically characterized by chronic inflammation throughout the 
airways, parenchyma, and pulmonary vasculature. Macrophages, T lymphocytes 
(predominately CD8 + ) and neutrophils may be present in increased levels in various 
parts of the lung. Typically, the condition will be characterised by the presence of 

20 large numbers of infiltrating neutrophils rather than eosinophils. Activated 

inflammatory cells release a variety of mediators, including leukotriene B4 (LTB4), 
interleukin 8 (IL-8), tumor necrosis factor (TNF) and others, and any of these may be 
present in elevated levels in a subject in comparison to healthy individuals who do 
not have CAL. In particular those mediators capable of causing damage to lung 

25 structure and/or sustaining neutrophilic inflammation will be present in elevated 

levels. The subject may also display an imbalance of proteinases and anti-proteinases 
in the lung and also elevated oxidative stress. 

The subject may also display increased inflammation. There may be elevated 
levels of inflammatory mediators present in the airways of the subject. These may 

30 include proteases such as matrix metallo proteases (MMPs), cathepsins and elastase. 
They may also include myeloperoxidase, activated complement, MCP-1, interferons 
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(such as, in particular, IFN-y) and interleukins such as, in particular, IL-12. 
Typically, IL-8 and in particular elevated IL-8 levels will be present. 

The lungs of the subject, or regions of them, may have increased numbers of 
inflammatory cells in comparison to those of an equivalent individual without CAL. 
5 In particular, there may be an influx of neutrophils and/or CD8 + T cells into the 
airways and lung. There may also be changes in the bronchial and pulmonary 
vasculature, such as upregulation of adhesion molecules involved in leukocyte 
extravasation or increased expression of inflammatory cytokines which can recruit 
inflammatory cells such as neutrophils, monocytes and T cells. 

10 The neutrophils may be primed or in an activated state. For example, they 

may show an increase in expression of various adhesion molecules and receptors. 
There may also be an elevated level of neutrophil degranulation and hence of 
" neutrophil proteins in the lungs. These may include proteins such as proteases 
(including cathepsins and neutrophil elastase), other hydrolytic enzymes and various 

15 antibacterial proteins. There may also be an elevation in the level of reactive oxygen 
species released by the neutrophils. These changes may be detectable in the subject 
by examining samples such as sputum or lavages from the subject. There may also be 
elevated levels of other granulocytes present in the inflamed airway and lung such as 
basophils and/or eosinophils, but typically these will not be the predominate species 

20 of granulocytes. 

In some of the subjects there will be permanent destructive enlargement of 
the airspaces distal to the terminal bronchioles without obvious fibrosis. There may 
be chronic hypersecretion of mucus. Thus mucus secretion may, for example, be 
increased one, two, three or four times. The viscosity of the mucus may also be 

25 increased and this may be at least partially due to the presence of polymers such as 
DNA and actin. The chronic bronchial secretions may in some cases be Such that 
they are enough to cause expectoration, occurring on most days for a minimum of 
three months of the year for two consecutive years. 

In some cases, there may be extracellular DNA, and in particular endogenous 

30 extracellular DNA, present in the lungs of the subject, including in the airways of the 
lungs. The DNA may be extracellular DNA originating from the cells of the body of 
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the subject. Typically this DNA will originate from the nucleus and hence be 
genomic DNA. The DNA may originate from infiltrating inflammatory cells. 

In cases where extracellular DNA is responsible for, or contributes to, an 
increase in mucus viscosity in the subject, it will typically be of high molecular 
weight. Thus it may be, for example, that it has an average fragment size, fragment 
size range or predominate fragment size in the range of from 100 bases to 1 
megabase, preferably from 1 kb to 500 kb, more preferably from 5 kb to 250 kb in 
length, still more preferably from 25 kb to 100'kb and even more preferably from 25 
kb to 50 kb in length. The DNA will typically be wholly, or partially free of, histones 
or will comprise regions which lack histones. It may. be bound by cationic factors or 
factors with cationic groups such as inflammatory mediators and/or proteases. Thus 
for example it may be complexed or associated with elastase, cathepsins and/or IL-8. 
The presence of the DNA will typically increase the viscosity of the mucus, or other 
secretion, that it is present in. 

Typically, the presence of DNA may increase the viscosity of the mucus by 
from 10 to 5000%, preferably from 50 to 2500%, more preferably from 100 to 
1000%, still more preferably from 200 to 800% and even more preferably from 400 
to 600%. The viscosity of the solution may typically be doubled, tripled, quadrupled 
or increased by five fold or more in comparison to the viscosity of the solution in the 
absence of the DNA. The viscosity of the DNA may be such that it may compromise 
a function in the subject such as, for example, lung function. It may contribute to 
airflow limitation. It may promote the occurrence of infections. 

Pathological changes characteristic of CAL may typically be found in the 
central airways, peripheral airways, lung parenchyma and/or pulmonary vasculature 
of the subject. In the central airways (tire trachea, bronchi and bronchioles greater 
than 2 to 4 mm in internal diameter) infiltrating inflammatory cells may be present in 
the surface epithelium. Enlarged mucus secreting glands and an increase in the 
number of goblet cells may also be seen and are typically associated with mucus 
hypersecretion. In the peripheral airways (small bronchi and bronchioles that have an 
internal diameter of less than 2 mm) chronic inflammation may lead to repeated 
cycles of injury and repair of the airway wall. The repair process typically results in 
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remodeling of the airway wall, with increasing collagen content and scar tissue 
formation, that narrows the lumen and produces fixed airways obstruction. 

Destruction of the lung parenchyma in subjects with CAL typically occurs as 
centrilobular emphysema. This involves dilatation and destruction of the respiratory 
5 bronchioles. These lesions occur more frequently in the upper lung regions in milder 
cases, but in advanced disease they may appear diffusely throughout the entire lung 
and also involve destruction of the pulmonary capillary bed. An imbalance of 
endogenous proteinases and antiproteinases in the lung, which may be due to genetic 
factors or the action of inflammatory cells and mediators, may be a major mechanism 

10 in the emphysematous lung destruction. Oxidative stress, another consequence of 
inflammation, may also play a part in the destruction. 

The subject may display pulmonary vascular changes, with thickening of the 
vessel wall that begins early on in the development of the disease. Thickening of the 
intima is the first structural change, followed by an increase in smooth muscle and 

15 the infiltration of the vessel wall by inflammatory cells. As the severity of the disease 
increases, greater amounts of smooth muscle, collagens and proteoglycans may 
increase the thickness of the vessel wall further. 

The lungs of the subject may display a number of physiological changes 
characteristic of CAL, including mucus hypersecretion, ciliary dysfunction, airflow 

20 limitation, pulmonary hyperinflation, gas exchange abnormalities, pulmonary 

hypertension, and cor pulmonale. Often such abnormalities wall manifest themselves • 
in that order, although they may not necessarily do so. Mucus hypersecretion and 
ciliary dysfunction may contribute to chronic cough and sputum production. These 
symptoms can be present for many years before other symptoms or physiological 

25 abnormalities develop and may be used to detect individuals who have a very early 
stage of CAL or are at risk of the disorder. 

In- more advanced stages of CAL, peripheral airways obstruction, 
parenchymal destruction, and pulmonary vascular abnormalities reduce the capacity 
of the lung for gas exchange, producing hypoxemia and, eventually, hypercapnia. 

30 Pulmonary hypertension, which develops late in the course of CAL when the 
disorder has reached its severe stage, is the major cardiovascular complication of 
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CAL and may be associated with the development of cor pulmonale and a poor 
prognosis. 

The subject will be a vertebrate animal and preferably will be a mammal. 
Typically the subject will be human. However, the invention also encompasses the 
5 treatment of animals with conditions which are the same as, or equivalent to, CAL. 
Thus the animal condition may have either an underlying pathology similar to, or the 
same as, that of CAL in humans. The animal may have one or more similar 
symptoms or characteristics of human CAL and in. particular one or more of those 
listed above. Preferably, the animal will suffer from a condition which falls within 

10 the definition of CAL given above. 

In cases where the subject is-not humairi it may be a domestic animal or an 
agriculturally important animal. The animal may, for example, be a sheep, pig, cow, 
bull, poultry bird or other commercially farmed animal. In particular, the animal may 
be a cow or bull and preferably is a dairy cow. The animal may be a domestic pet 

15 such as a dog, cat, bird, or rodent. In a preferred embodiment the animal may be a cat 
or other feline animal. The animal may be a monkey such as a non-human primate. 
For example, the primate may be a chimpanzee, gorilla, or orangutan. In a preferred 
embodiment of the invention the animal may be a horse and, for example, may be a 
racehorse. The animal may be a sports animal. 

20 Some of the symptoms of CAL are displayed by sufferers of other diseases. 

For example, a number of respiratory disorders other than CAL compromise lung 
function. However, these diseases may be distinguished from CAL by a full 
assessment of the subject and preferably by applying the relevant available guidelines 
for the diagnosis of CAL. The British Thoracic Society have published a set of 

25 Guidelines (Thorax 1997, 52 (Suppl. 5): Sl-28) and in an especially preferred 
embodiment a subject to be treated will fall within the definition of the disorder 
provided by these Guidelines. In addition, the Global initiative for chronic 
Obstructive Lung Disease (GOLD) has published an Executive Summary (2001) 
outlining a strategy for the diagnosis, management and prevention of the disorder. In 

30 a preferred embodiment the subjects to be treated will fall within the definition of the 
disorder provided by the Executive Summary. 
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CAL does not include cystic fibrosis (CF); Thus typically a subject who can 
be treated using the invention will have a least one functional copy of the CFTR gene 
(unless they have been unfortunate enough to develop both CF and CAL). CAL 
typically has a much later onset than Cystic Fibrosis, where a sufferer is boni with 
5 the defect. In CAL the decline in lung function and the onset of symptoms will occur 
progressively over time. In CF the decline in lung function will have a more 
immediate onset, earlier on in life. A subject who has CAL will often be in their 
thirties, forties or even fifties before they become aware that they are suffering from 
the disorder. The major exception to the later onset of CAL, is in those sufferers who 
10 have a, anti-trypsin deficiency. Such subjects will display an earlier onset of CAL, 
such as in their teens or twenties when CAL is diagnosed, as they will be born with a 
genetic condition predisposing them to- CAL. Subjects who have a, antitrypsin 
deficiency and CF can readily be distinguished from each other by biochemical and 
genetic tests to identify the nature of the disorder. 

15 

Glycosaminoglycans 

The medicaments and methods of the invention employ glycosaminoglycans. 
Glycosaminoglycans are linear heteropolysaccharides possessing characteristic 
disaccharide repeat sequences that are typically highly N-and O-sulpated at D- 

20 glucosamine, galatactosamine and uronic acid residues. These sulphate moieties 
• introduce a high degree of negative charge along the glycosaminoglycan polymer 
chain and add to the heterogeneity of these macromolecules. 

Any suitable glycosaminoglycan may be employed in the invention. 
Glycosaminoglycans and glycosaminoglycan salts suitable for use in the present 

25 invention will have an average molecular weight of from 8 to 40 kd, preferably from 
10 to 30 kd, more preferably from 12 to 20 kd. In particular, the glycosaminoglycan 
or salt may have an average molecular weight of from 14 to 18kd, preferably from 15 
to 17 kd and more preferably from 16 to 17 kd. In some embodiments all, or 
substantially all, of the glycosaminoglycan molecules or glycosaminoglycan salt 

30 molecules will have a molecular weight falling within the ranges specified above. 
Thus from 50 to 100%, preferably from 75 to 100%, more preferably from 90 to 
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100%, still more preferably 95 to 100% of the molecules may have such a molecular 
weight. In some cases at least 95%, preferably 97.5%, more preferably 99%, still 
more preferably 99.5% and even more preferably 99.9% may have a molecular 
weight falling within the range. The glycosaminoglycan or salt may be present in a 

o 

5 range of molecular weight sizes and typically the most' commonly occurring 
molecular weight size will fall within one of the above specified molecular weight 
ranges. 

Preferably, the glycosaminoglycan employed in the invention will be any of 
chondroitin sulphates A to E, heparin, heparin sulfate, heparan, heparan sulphate, 

10 hyaluronic acid, keratan sulphate, a derivative of any thereof or a mixture or any two 
thereof. Chondroitin sulphate B is sometimes referred to as dermatan sulphate. In a 
more preferred embodiment of the invention the glycosaminoglycan will be any of 
chondroitin sulphates A, C, D or E, heparin, heparin sulfate, heparan, heparan 
sulphate, hyaluronic acid, keratan sulphate, a derivative of any thereof or a mixture of 

15 any two thereof. In a particularly preferred embodiment the glycosaminoglycan will 
be chondroitin sulphate A, chondroitin sulphate C, heparin, heparin sulfate, heparan, 
heparan sulphate, a derivative of any thereof or a mixture of any two thereof. More 
preferably, the glycosaminoglycan will be chondroitin sulphate A, chondroitin 
* sulphate C, heparin, a derivative of any thereof or a mixture of any two thereof. In an 

20 even more preferred embodiment of the invention the glycoaminoglycan will be 
. heparin or a derivative thereof. In some embodiments of the invention the 
glycosaminoglycan employed will be a mixture of more than two 
glycosaminoglycans from one of the above mentioned groups, such as a mixture of 
three, four or five of the glycosaminoglycans. 

25 In embodiments of the invention where a mixture of two glycosaminoglycans * 

is employed the two may, for example, be present in the ratio 1:1, 1:2, 1:4, 1:10 or 
■ 1:100. The ratio may be 90:10, 80:20, 70:30, or 60:40. Any suitable ratio may be 
employed and either glycosaminoglycan may be at the higher concentration. The 
ratio may be the same as the ratio in which the two are isolated when they are 

30 recovered from a common tissue using standard techniques. In a preferred 

embodiment of the invention a mixture of chondroitins A and C will be employed 
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and in particular at a ration of 80:20, preferably 75:25 and even more preferably 
70:30 with chondroitin sulphate A being present at the higher level. 

Typically, the glycosaminoglycan will not have been subjected to . 
- fragmentation to reduce its molecular weight. Usually, the glycosaminoglycan will 
5 not have been subjected to depolymerisation, such as by chemical or enzymatic 

means, to reduce its molecular weight. The average number of saccharide units in the 
polysaccharide chains of the glycosaminoglycan may typically be from 18 to 100, 
preferably from 30 to 80, more preferably from 40 to 60 and still more preferably 
from 5 to 60 units. 

10 The glycosaminoglycan may be any suitable commercially available 

glycosaminoglycan and may, for example, be an unfractionated glycosaminoglycan. 
The glycosaminoglycan will have typically been isolated from a natural sources such 
as from an animal. In some cases, the glycosaminoglcan may have been synthesised 
rather than be a naturally occurring molecule. 

15 In some case^the glycosaminoglycan may have been isolated from an animal, 

and in particular from animal tissues such as those of pigs or cattle. The 
glycosaminoglycan may have been obtained from tissues such as the lung, liver, or 
gut of an animal and in particular from beef lung or pork intestinal mucosa. The 
glycosaminoglycan may have been obtained from the skin of such an organism. • 

20 In some 4 embodiments, the glycosaminoglycan may have been isolated from a 

cartilagenous fish or other sea or freshwater organism. In some cases the 
glycosaminoglycan may have been isolated from a shark or squid and in particular 
from the cartilage of such an organism. The glycosaminoglycan may have been 
isolated from a sturgeon and in particular from a sturgeon notochord. 

25 One of the specific glycosaminoglycans mentioned above may have been 

modified to generate a derivative of the glycosaminoglycans. Thus such derivatives 
may be used in the invention as long as they retain therapeutic activity in treating 
CAL and in particular are capable of eliminating, reducing, ameliorating or managing ■ 
one or more of the symptoms and manifestations of CAL discussed herein. Thus in 

30 the case of heparin, the heparin may have been subjected to O-desulphation such as 
at least at the 2-0 and 3-0 positions. The same or equivalent modifications may be 
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made to other glycosaminoglycans to generate derivatives for use in the present 
invention. 

The glycosaminoglycan may have been subjected to acetylation, 
deacetykition. oxidation and/or decarboxylation such as, for example, periodate 
5 oxidation to generate a. derivative. Heparinoids may be used in the invention. 

Typically, the active compound used in the present invention comprises is a 
glycosaminoglycan or a physiologically acceptable salt thereof comprising repeating 
disaccharidc units of general formula (1) 

-[A-BJ- (1) 



10 



wherein: 

each A is the same or different and represents a moiety of formula (i) or (ii) 





wherein : 

15 - one of R, and R 2 is hydrogen, and the other is -C0 2 H, -S0 3 H or -CH 2 OR 
v/hcrcin R is hydrogen or -S0 3 H; 

one of R 3 and R 4 is hydrogen, and the other is -OR wherein R is hydrogen or 

-30VH; 

r. ne of R 5 and R 6 is hydrogen, and the other is -OH; 
20 - * represents a direct bond to an adjacent hydrogen atom or B moiety; and 
** represents a direct bond to an adjacent B moiety; 
each B is the same or different and represents a moiety of formula (iii) or (iv); 
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wherein: 

on-j of R 7 and R 8 is hydrogen and the other is -CH 2 OH or -CH 2 OS0 3 H; 
one o f R 9 and R 10 is hydrogen and the other is -NHAc, -NH 2 or -NHS0 3 H; 
5 - one of \l u and R I2 is hydrogen and the other is -OH or -OS0 3 H; 

:i; represents a direct bond to a hydrogen atom or an adjacent A moiety; 
** represents a direct bond to an adjacent A moiety; and 
. - indicates a bond in either stereochemical orientation; 
or a physiologically acceptable salt thereof. 
10 Tli-j formulae herein adopt standard practice in depicting sugars. According 

to this practice, the formulae include vertical lines through each of the cyclic carbon 
atoms. T^.is does not, of course, mean that methyl groups are attached at each 
position, or i f it methylene groups are present as part of the link between adjacent 
cyclic moieties. 

15 Preferably, each A moiety in the glycosaminoglycan of general formula (1) is 

the same. Preferably, each B moiety in the glycosaminoglycan of general formula 

(1) is the y.v.ho. 

Prcfciv.bly, each A moiety in the glycosaminoglycan of general formula (1) is 
a moiety ■ f general formula (i). 
20 Tyric::!!y, one of R, and R 2 is hydrogen, and the other represents -C0 2 H or 

-CH 2 OR : \ herein R is hydrogen or -S0 3 H. Preferably, one of R, and R 2 is hydrogen 
and the oth-;r represents -C0 2 H. 

Typically, R, is hydrogen and R 4 is -OR, wherein R represents hydrogen or 

-S0 3 H. 

25 - 1 > pic: !ly R< is -OH and R 6 is hydrogen. 
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each A is the same or different and represents a moiety of formula 



Typicaiiy R 7 is -CII 2 OH or -CH 2 OS0 3 H and R 8 is hydrogen. 
Typically R, is hydrogen and R 10 is -NHAc, -NH 2 or -NHS0 3 H. 
Ty pically R„ is -OS0 3 H or -OH andR 12 is hydrogen. 
Typicaiiy each B is the same or different and represents 



**- 



^11 




Rl2 




R 7 



Rs 
Rn 



R, 2 



R 9 
Rio 



10 wherein :\. R 5 . R,„. R u . R, 2 * and ** are as described above. 

Vrr. vily R , is not hydrogen in an A moiety which is adjacent to a moiety 

(iv) in w'.-.ich :< ;2 is hydrogen. 

Typic. ! !!y the glycosaminoglycan of general formula (1) is a 
glycosar. i • ; can of general formula (2) 

15 . 




(2) 



— 1 n 



wherein: 



oi ; ' f R, and R, is hydrogen and the other is -C0 2 H; 
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J?. is-OHor-OSOjH; 

P. is -OH; 

r .-. is -CH 2 OH or -CHjOSOjH; 
K :0 is -NH 2J -NHSOjH or -NHAc; and 
5 - K.,| is -OSO3H or -OH. 

Typically the glycosarninoglycan of general formula (1) is a 
glycosami nog! yean of general formula (3) 




I Rio 

R4 



wherein: 

10 - -C0 2 H; 

1, is -OH; 
K, is -OH; 

P- is ~CH,OIi or -CH 2 OS0 3 H; 

F..:, h -NHAc; a»d 
15 - K : . is-OHor-OSOjH. 

Any suitable physiologically acceptable glycosarninoglycan salt may be 
employed in ihe invention and in particular a metallic salt, for example a sodium salt, 
an alkali mctai or an alkaline earth metal salt. Other salts include calcium, lithium 
and zinc alts. Ammonium salts may also be used. The salt may be a sodium 
. 20 glycosaninoulycanate or glycosarninoglycan sulphate. . Salts of derivatives of 

specific ■ iy: osammoglycans mentioned herein may also be used in the invention. In 
the present application where mention of a glycosarninoglycan is made, such mention 
also inclo' ie.; physiologically acceptable salts thereof. 
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!V r : .;; : !lv a physiologically acceptable salt is a salt with a physiologically 
acceptable ac: ! or base. Preferred salts are salts with physiologically acceptable 
bases. Ty~ic:.Uy a such salts are compounds wherein the acidic hydrogen atom of a 
-C0 2 H nr.vi/or -OS0 3 H group is replaced with a cation, for example an alkali metal 
5 (e.g. sodi'-m or poiassium) or alkali earth metal (e.g. calcium or magnesium) cation. 
Such sa; . ■ \ be prepared, for example, by reaction with an appropriate hydroxide. 

1 sn:mh-jr of disaccharide units present in the glycosaminoglycan or salt 
thereof > • eel in the invention will be such that the molecular weight of the 
glycosr- .ir.v -'yea- or salt is from 8 to 40 kd ; preferably from 10 to 30 kd, more 
' 10 preferalv ' ; o n 12 to 20 kd. In particular, it may be such that the glycosaminoglycan 
has a mohvn'.-u weight of from 14 to 18 kd, preferably from 15 to 17 kd and more 
prefer?.!:!" from 1 6 to 1 7 kd. The number of disaccharide units present in the 
glycosaminoglycan may be represented by the number n, where n is any integer such 
that the r; 1 c-v^ininoglycan has a molecular weight falling within any of the above 
15 mention!/' T^\:cu1ar weight ranges. 

r - -r: f!:e alycosaminoglycan or salt employed may be represented by the 
genera! : .-via: 

H-[A-B]„-H 

20 wherein . - V : • a r. of the. disaccharide units mentioned above and n is an integer 
such th:-; ;;!ycr^aminoglycan or salt thereof has a molecular weight falling 
within i r -^w 1 ;:eci!led molecular weight ranges. The value ofn may be, for _ 
examp! \ ' • 50 to 55 :md more preferably from 35 to 50. 

" or \:m::op.]ycnn employed in the invention will typically comprise 
25 more lii i length chain. Hence nfor some of the glycosaminoglycan chains- 
present ;vr - :* •; n lower or higher integer than an integer which, on its own, would 
• give a civ in of molecular weight size falling within one of the above specified 
ranges. '! ': m: fi:e average value of n of the glycosaminoglycans present in the 
medicp:-'--. 1 .'.! of invention may be any of the values specified for n herein and in 
30 particular > vaine of n which gives a molecular weight glycosaminoglycan or salt 
falling v v -.:r one of the molecular weight ranges specified herein. 

'. V ' V '.?.rly preferred salts for use in the invention are salts of formula: 
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H-[A-B]„*--H M x+ 
wherein .-; jv: and M represents a physiologically acceptable cation or a mixture 
thereof Most preferably, x <2n. ■ 

Jr. ;i pp.r' ici-iarly preferred embodiment of the invention the 
5 glycosa;v.::v\. i yean employed will be a heparin, derivative thereof or a 
physiologic. -!';, acceptable salt thereof Heparin is a naturally occurring 
mucopo : ysacvhar: ie present in a variety of organs and tissues, particularly liver, 
lung, an : the large arteries. Heparin is a polymer of alternating a-D-glucosamine 
and hex- : <m. v-. residues joined by (1,4) glycosidic linkages. When 

10 glycosan moj.\ yeans are synthesised in nature, typically they are conjugated to a 
central v • viv.\:\ core. 1 lowever. preferably the glycosaminoglycans employed in the 
inventio . 5 5 '.-Ca such a central core. Typically, glycosaminogly can preparations 
will lac!: ,<v ■ and in::;/ be employed or, if present, the core can be removed. 
Commc ei' r r !; avaiiabh preparations of glycosaminoglycans will usually lack the 

15 core and ; o errp! yrd. 

: 1 'p;-. n is rbr.raHy used as an anti-coagulant, where it is thought to exert its 
effects ! on: "i in' rraclioi- with anti-thrombin 111 (AT-III) and heparin co-factor II 
and other ec ■■. :ulatio: ■ rhetors. Typically the heparin will retain some anticoagulant 
activitv \ j\ : ■■■■ ;tbie to increase clotting time in an individual. Thus preferably the 

20 heparin vb M Ve a;bc to Hod anti -thrombin III (AT-III) and/or heparin co-factor II 
(HC1.1) and r- ■ ce inhilbi clotting. Preferably it will be able to form a complex with 
AT-IJf. ii b'n a ;.d ; clotting factor. However, in some embodiments a heparin 
which !: . ks . ■■''•"-c" ' ,i ;•( activity or which has reduced anti-coagulant activity may 
also be p; -;h v s Ibe heparin may have been modified so that it has from 0 to 

25 80% ; nrt : ;r; \y br ; :' : to 60%, more preferably from 10 to 40% and even more 

preferably i ;n J 0 to 30% of the activity of the unmodified form or in comparison to 
unmodinc ; 1 .::rm. C her glycosaminoglycans, in particular dermatan sulphate, also 
possess in; •: \;;iu1po: r: bvity. Preferably, therefore, the glycosaminoglycans and 
their be : \ . e: *p!o i will retain some anti-coagulant activity, as discussed 

30 above b: ■ h- and derivatives. 

. ; r :y- .M:.:ni".ogiyc. n will be typical! y be administered via inhalation, 
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intrant:! :;. . v!:: m np'ninion ; r-jferably it will be in a form suitable for 
admini:::iv.-: ) \ • I: yxl a route, la particular, the giycosaminoglycan may be in a 
fbrmsi: : ; ' : ' t ; .".-.ah:i.?:s a..d 'or installation. 

5 Subject .< ■.>. . -it 

i:. sr/.icn provides a method of treating CAL comprising 
admin;. . .,,:t. o:: with C/VL a giycosaminoglycan, or a salt thereof, which 

glyccs; :•.( .. - ; b;:i: average molecuiar weight of from 8 to 40 



kilodalors. 'I h- ;;!; : r -: a;/.inoglycan or salt used in such methods, the route of 
10 deliver; J wy ^ *h-j c: :r parameters of the method and subject being treated may 
be the c l:.: -icscrihcci herein for any of the other embodiments of the invention. 

r >. m :\ :v:! , n^■.; L .:id muhods of the in veal: on preferably induce an 
improv ovidipon of the subject The medicaments and methods may 



there ; m; i ■ ;c a prdent suffering from, or prone to, CAL. They may 

15 prevent :w. j:-;pr vc or jure the condition. They may slow down or arrest the 

progress] :'oori. ■ -irirn characteristic of CAL or in some cases even cause some 
reversM' u n rif-y :--i'»"?ti.' n. 'They may prevent, -reduce or reverse one or more of the 
sympt: •■ ■ i mi'ni'.V.n/'niH associated with CAL. They preferably will also 
increase ■!•'■ P/inp. » Pvi! beinn in the subject <inc! their quality of life. 
.20 : - '.'.i v.t ( nr.'.'thod of the invention preferably reduces, eliminate or at 

least r v ■ »' ■ P : v "c- -ase in one or more of: 

the eleven decline in forced expiratory volume (FEV^; 
. ■•-:(;».' ::; , secr-tion; 
in"".;- .maiior.; a ad/or 
25 - ! t .*:. ^ h ■■: sirreUire of the lung. 

T: :j w \* [ medicaments of the invention may also mean that the ratio 
of FEV ■ • • ( -:linc i urther, or is improved. For example, the ratio may be 

closer \ ! . , ;ed in -\ hea!Py subject. 

i v-era.; . ad methods may reduce mucus plugging. They may have 

30 mucoh Li ; .-. ih. .... ' - reduce :.;£cretion and increase expectoration of mucus. The 
medic a me-.! : a:\; •• -ji! >ch of the invention may facilitate the clearance of mucus and, 
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due to their mucolytic activity, prevent or ameliorate detrimental effects associated 
with elevaiod mum- , levels and increased viscosity in CAL. The medicaments and 
method: f do in mtion may : \;uU in arcduclion of mucus viscosity of, for 
example -v-l ma fold, pre:! on?. hi y two fold and more preferably five fold. In some 
5 cases l . a- e ■■< • ! ;i visce jity m .iy be from 1 0 to 80%, preferably from 20 to 60% 
and ew .. . • rabl>- from f H to 40%. 

M: ilyiic. : uivuy refers to the reduction of viscoelasticity (viscosity) of 
mucus, Mucolytic activity may be determined by any of several different methods 
known in im; ary ^ ' inciinn sputum compaction assay (see for example WO 

10 94/105^7" issavs using a torsion pendulum (Jaamey. J. Biochem. Biophys. Methods 
22:41-5. ' "• ■ N ) or mi er suitable, rhcological mci horologies. The decrease in mucus 
visco- ; i 'o- V out by the medicaments and methods of the invention may be 
refcrro ' kincsr. 

'I:n- !'---di *.ir: -nts an i me i hods of the invention may reduce the breakdown of 

15 the st: -J of'!.. anm rach as the degradation of elastin in the airways and in the 
aveoulus nvi honn" -he loss: of lung elasticity. They may reduce or prevent the 
collapm; of portion >.f the lung and/or the development of enlarged airspaces in 
which a : ■■ p 1 v::c"»tc trapped. The medicaments may prevent or reduce any of the 
pathof- I -.n s associate;; with CAL outlined herein. In particular, they may 

20 prevem ■ " n of a n ntholomcal change. They may also prevent, or delay, the 

onset- - . ); pmh' iogio ;1. chanpe. 

rn*-i. : nenis -no methods of the invention may typically reduce the 
• decline m -TV, b; : v ou yj :o 100%, preferably from 20 to 80%, more preferably 
from f. 1 ' a- -ven mmv: yreferaoiv from. 40 to 50%. They may reduce the 

25 annual d nnn: in .: : ;.r V, by from 10 to 100 ml, preferably from 20 to 60 ml and even 
more p: ..!; f; nu 30 to 40ml per year .In . • ane cases on treatment the subject 
will (!"; : n : i y rovemont of F'f V. so that .KEY, is from 25 to 100%, preferably 
from • 5 • -ore n. ;fer:f. iy from 60 to 100% and even more preferably from 

80to if . of!.. • -cdie- J me. 

30 7 moth rmd medicaments of the ir.veniion may reduce inflammation 

and lim : M f V mmmp-y oods io me airways and lungs. They may also 
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ameliora'. r.. dice ■ cftr.: inflammatory cells present in the lung. Thus differential 
cell coir"-- ■-. • ' -:;h : ''t "-iv-gps frcr;i the subject nay display normal levels, or 
less elc "3- • !::. ^"inflammatory cells such us lymphocytes, macrophages and/or 
neutral"' •= f aticid: r cJVeia:x>p;:hs. 

5 y -nay i duce rnigrahon of inflammatory cells such as neutrophils to the 

airwa . Y.np. They rr,:.:y ni: " reduce one or rr.ore of neutrophil 
functi ■vri-iics such as priming, activation, chemotaxis, extravasation, 
degrar.u! . ' :-:.-.p::-;:rry hi!~::i, phagocytosis, apqplosis and/or necrosis. This may 
also rr..;-- : i-u- ■ - ■ r<- hie; ■;: amount of neutrophil -^retains in the lung and 

10 react! -n* n; •;. h her ;; may also be re h: .:ed levels of inflammatory mediators 

insu^ - • • - eae ie ^:::h in p; : ticuh:r of IL-R levels. They may also cause 

chan;//' * !v.m so ;h a ; the d j-.vn rcpulati'm of adhesion molecules so that 
inflar ; • e/ h- r.nci in nardnil^r neutrophils cannot enter the lung, do so less 
readily r r '.- :-o in "-"luce : numbers. 

15 '['" n.enrs rrthe invention may eliminate, delay the onset, or reduce 

the scve h" .* r .nny ^ r the symptoms and features of CAL mentioned herein. 

Adm: i. n " .• . ■' fcnr:\da1i' y n 

, xY- ■ H.n-is i e ; ; . eni invent on may he prepared by formulating 



20 the gi v ■ 'pcau or sal; v.iih a standard physiologically, and in particular 
pharm- ? ^ :.iy. ece;.-; nie c..:ri :er and/or excipient as is routine in the 
phanr;. - \ ■! The esse! r.niure of -he formulation will depend upon several 
factors i-c'n. : ne. flv. particular rdycosanhnoglycan en. ployed and the desired route of 
: admirh:. ... ' c. ;:- >:s r 'hformuhition are full}' described in Remington's 
25 Phann- : ■ " -:s. ; 9" fhi: Lion, Mack Publish: nn Company, Eastern 

Pern;. 1 L . :i - , i : "Civ su r v f wiiich is included herein of its entirety by way 

of re: 

i-..- . ■•■ y 1* . to ; - idmimsiered \.iil m: anally be determined by a 
physic: \ ' * up • ; a number of factors such as the nature of the 

30 condiih • r- ;\. ■■ . er-hdon eh he patient. 1 he dose of glycosaminoglycan 
adminis'—ec :r : c;* : Lev example, be frcn- 0.01 mi: to 5cp preferably from 0.1 mgto 
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2.5g : ; • " TdAnhh from ] rag to Ig : even more preferably from lOmgto 500mg, 
still i: : ";. A ! ifcrn 50 rnr lo "50 rng and even more preferably from 100 mg 

to 20 / :.- ; 7A .vx i will typically be given once, ••.vice or three times a day and 
will j " '*•* A* A .■■ r .ce or twice a day and more preferably will be given twice 
5 a day 

:p ■ 'i 'I ■-ivr.Lives thereof ar/J salts cf either, dose will typically be 
in the ■ : ir^in to i 0A00 unit:; per/kg A)dy weight, preferably 100 to 10,000 
units " *r v!v -\'c : Ay rr^n preferably from 200 !o 5000 units/kg body weight, 
ever; • A'; :r\m 500 to 200' ? units per/kg ; ar.d still more preferably from 

10 1,00° 1 . y y '- >a- ;i - ;v : ';7k;:. A unit nf heparin activity (United States Pharmacopeia) 
is drA :;. ho • i ' i: her\.-:n that prevents 1 ml of citrated sheep plasma from 
cloth; ^ -;c ; k :: • adding 0.2 m! ofl%CaCl 7 . These doses will typically be 
giver -ice - « ! v a: liirvs a day and will preferably be given twice a day. 

i .j.-vfir' : :r.r -.icnt may typically re from two weeks, a month, six 

15 mont! ■■; : • • Ti: nw cases the subject w:M remain on the medicaments of 

the i • a A or Ar extend :d periods. This may in particular be the case 

when - :■ not stop smoking or continues lo be exposed to the chemical 

polJr ; * ' L- :he car-ruivc a gent. This may also be the case where the 

subjec ! '■" :> yen ado predisposition to developing CAL and most likely will need it 

20 indeli *'y. As i: -a schedule may also be coordinated so that at times when 
the 'CAL. Ac ; ase ■■> a ' • it;, such as times : or periods, of increased breathlessness 
and/or A ••v n; y An hat ;ho A,;se of g) ycosa - n i nogl yean given is elevated or these 
may \- - A :ir. :!»■"!■ rsaminoAycan is administered. The medicament may 
be gi i ;•■ ... or physical exertion and may typically be given as an aid to 

25 physAAi • . *. a *y i given during infections or when an infection is suspected. 

: ; :. : A A. aur.icaiv.eiu's of the invention are administered via inhalation 
and/<< ; •:.;;.! A Al : = administration may iypicai'y be via the mouth ornose. In 
anesj . rA ■■• AodA : nr ; die medi ;arnenis of the invention are suitable 
for ad' : rt.doni ■* Ai. laiir.n and are administered via that route. The 

30 meci ; * •* A: A o jt:. r ahernaiively .nay cj. suitable for administration via 
insta Ad 1 . *' ^ds . AAAmAating a:icl preparing medicaments to be 
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adir.i : s ' ■•. /ion, i:. ' ivdor. and i::i:v..n-i: . ily ire well known in the art 
and: ' . ^; the -:r: i-v niioj;. 

..Ir .i v.:rapy !he* medicament r/.ay be in a solution useful for 
admi: ■ v.ir i ey ^-i;' rmv)i, mefered done ir.liaLir. or in a form suitable for a dry 
5 powoi : : ; :i-:r. T:. - ■ » :d>.;.i;:.eni: may be pres. at in a blister pack or breakable 
cap. 

j. : me p inferred embodiment:;. Lhe mjd!camer,i3 of the present invention 
may"*. ; ; : ;oso!: T!r -formula^ = \ rf ; : a naaceutical aerosols is routine 
totiw > .ysee - :am- \\ Sciarra, J .in Remington (supra). The • 

10 ageii ■■■ •! : : i as scalier, aerosols, dispersion or suspension aerosols of 

dry • r. «•' : <- m* se- ris^lid prcparatir T>. aerosol may be delivered 
usir i vi r : - io ./n io those s ^ led ipc art. The aerosols may be 
appiic ; 1/ ~ke rpper respiratory tract, for example by nasal inhalation, or to the lower 
respirv y • :raei or 1- bo'.Y The glycosruninoplycan may be. delivered using 

15 lipoa \r a : r;icle d-iivery methods.;, iposomcs, particularly cationic 

lip r • ^ 1 * v ' in ca; a ■ inraraiaticva 

v use ;i: • .x. :;i; : ce with the nrsent invention, may include, 
ina<: •' 1 : A ! " !r ; ii**;.: jdieiv, a pharmaceutic:- 'ly ;■ reptable excipient, carrier, 
buf . • - ■:->!s\v.JIknovv-. io1h'-;.: skilled in the art. In 

20 pan: : ■; -y :.w : - «T. ; . pharmaceutical.!;. aceepaaaie excipient. Such materials 

shp:| v.-:<y : e ; : : s!r:;:](.i not interfere v i:h the -'THcacy of the active 

ingr? a : • . I'he ; rer : se nature of the earner r-r other material will depend on the ■ 

roir '• ' ! - SuilrKr rhnnnr.':suti.;a; carr'-r:; a.re described in Remington 

(suy: 

25 : " p; varu iriveiaia.i nvy be delivered by any device 

ad ^i 1 ' th« .apeuiie n.-npc: ' j ms into the upper and/or 

^ 0W; 1 1 . : .'.ei : preferred em* dime . the devices of the present 

invc ' • ' = = ■ (i->--.;e inhalers. The ..jvicrs r:ny be adapted to deliver the 
th eiV: ■ i::": «v i»l the iu-aenlionin Ibrni finely dispersed mist of 

30 Uqv- • r ; . ;\ The c r;e mi'-y use i pie:^ ---.trie effect or ultrasonic 

vibrr-r- ; ;;c : y oo^.vder r:;!:-;ched <: n a surface s:?cii as a tape in order to generate 



Best Available Copy 



WO" PCT/GB03/00663 

30 

mist s : : e!e for :ah ' : : -n. The devices may r.rs any propcllant system known to 
those ia -. rt eeaka :\ , '*r.: act linhied to, ye:;y:ps. hquefied-gas, compressed gas 
and a :.: .. • ;. 

■ii aaacs whcix 'ha glycosnndnoglycan is administered in the form of particles 
5 ordr -y a 'he pa; .Vropiei size and/or other properties of the particle/droplet 
ma}' ' . eh a !.a a^a.ra that ihc particles arc delivered to a particular region of the 
respi :■:!!:••■:;■ 'r;.ct. Im r eaamp!o ; ihcy may be designed to reach only the upper or lower 
parts c r ■' ■> ---eh ! : case:- where th ;i dyco.emiinoglycan, salt or 

ther. a " vr ; a :: 'er-.. ; in en aeneous [^nr- p: dhrably the solution will be 

10 isotc-- ' • help cnsiao chactiec delivery to the subject. In particular, particles with a 
dianv t ■ i ') \ \] \ aaeaght to be ciabctive hi reaching the lower parts of the 
respi: a - at an i h -' - may be employed where sach a site is the desired target 
-for - 1 - n a -a jnb' v ' ;, aents : v here h desired to deliver the medicament 

toth V- • ■ • is < 5 -':h e:spbaaa-y tract, such as alveoli for example, the diameter of 

15 the re-" n'!- ;,,; " ! 'i ma ■■ be i^s than 10 :•: 1 p.- ferably less than 8 pM, more 
pre'. a - - • ' • ;e- : e-en ?ar-- prefea'dy > than 4 pM. In a preferred 
emb " ■]]> h h aa ha- . ■.. a da-i-net- r cf 3 ;dd. or less and more preferably 
may ha :hare-->" - i"3;.:M or ieas. h; an .especially preferred embodiment the 
part*" -a a'i ia-iv ■ ; a:-.acr af : v eai 3 l o 5;:h ». It. r' me cases the particles 

20 adrr.r 'au.a : a. / * : a de-^e ' 0 naa prcibracly h>s than 500 nra, more 

pre:' ■ 'hap 3 " am aa j ;a:H :r. ore prof. :-i!:Iy less than 100 nm in diameter. 

The. :y m" ■ b«-'aa of r o!id aaatter r: ana 'els of solutions and 

sup; . ■ 

>; area - ay penenmc n a specific part of the respiratory 
25' tract v\ ■'• . kn(v-/!; : <■'■•:. --rt and hemv the particle si/.e can be chosen to suit the 
tarp:*! .,' ' a :':a:v~ : ' ■ a h a r ; adding may be esed a* produce the very small 
part: ■' .a • ■ - say . "a ae ^aa the d -bed p-vt o: la.e respiratory tract may be the 
upr- . re -^rnrn-y !r. - a! hea- a 'avger narticba* sszca may be employed. The density 
oft! • i: : ^r; ;-r ' ,v d- saa " mav u!s ■ be chosen • ■ ''bcilitate their delivery to the 
30 desj 

he .r-h • # r; • -fthe i/iver.lu a nvi^ a Ice a variety of forms. They may be 
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V d-ov. r -v/iier microspheres. :" M Tc:i:;r : :; r suspensions, gels, nano- 
... .' — . ■ s r:.e£. or mui;b ens. The liquids present 

or Jo ■ :Mo 3cb-:cj /och a- a CFOrHFA. In the case of 
.:; * 1 b.?:;c icy be ecucoos or h ■■::ve solutions other than 

•:- of : invention typieciiv crsv.prise a container with one or 

roLs- : : c!i ibefbvv offhe t!r r --^cub" composition travels and an 
?r.!r *Mii . ;bo iiow. Suiiable devices :>v- o;;c in the present invention 
\ : - : • ;Te. Rf-:rii:irio.i { sup^:;. : It-vices suitable for 
:h- :vr ; ' : -cents eft!*.:- io.ventic.ri inokoie inhalers and nebulisers such 

deliver c ; enbb. io i!*:;hrna? b- o In some cases, for example 
: ec: i/. a cb .d. a spo t m:iy be used in conjunction with the inhaler to 
j- v ....:.... c ? f .i; V o- v * 

rdi-jrii 5 -c : ".'; ol Tie present invention m: , .y be delivered by any device 
"Hire-;. • or •;■ r ore ;bcn.ipci:tic c <;ni "Gibbons into the upper and/or 
e;' • " 1 ' i s^mc p'okoT re", eml oboe -i.is. :be devices of the present 

oj bdose i-iMpJers. The dev ices may be adapted to deliver the 
mooMb-ns of -he b-veni:ie;> in lb: form oca finely dispersed mist of 
r ; • ■ ier. ~ : 'bc device may l:sc a piezoc '.ccfric effect or ultrasonic 
bo. re fi'/'dcr aUa'oied on a surface such as a tape in order to generate 
' T- : -\ Tee devices nay u"c an'. p-npellant system known to 
rci booiied io, pc: : . i.-neficd-gas, compressed gas 

:^nii:- a:,ar, iypie :by r:r.r. - ; sc. a container with one or 
be ! o!. to.; bv r;ii'..; ,,: :; composition travels and an 
r. :H l ;r:': :he iVnv. bailable de\ioes ibi u;,:e in the present invention 
• :* •"• no 1 ' o lii i.\eio ; aeon's Pharrriaccitical Sciences (supra). The 
e o oi: rinc ihc nedicamenL': fTI-.c invention include inhalers 

'-' r .pi*, b ~v.ltr t-rokls io asthmatics. In some 

. , . :. ; r • . . - apo. u cioii' : sr..a:r nay be used to facilitate 



Best Available Copy 



WO 03/068187 PCT/GB03/00663 

32 

Various designs of inhalers are available commercially and may be employed . 
to deliver the medicaments of the invention. These include the Accuhaler, Aerohaler, 
Aerolizer, Airmax, Autohaler, Clickhaler, Diskhaler, Easi-breathe inhaler, Fisonair, 
Integra, Jet inhaler, Miat-haler, Novolizer inhaler, Pulvinal inhaler, Rotahaler, 
5 Spacehaler, Spinhaler, Syncroner inhaler and Turbohaler devices. A number of 
formuiation techniques which produce particularly desirable particles are known in 
the art and may be employed. For example the nanocrystal , pulmosol arid 
pulmosphere technologies may be employed. 

Tn some cases the medicaments nay be administered via installation. In such 

10 cases, typically the medicament will be in liquid form and vyill be administered via. 
an artificial airway such as, for example, an endotracheal tube. The liquid will 
typically be drawn up into a syringe and then expelled through the- artificial airway 
into the respiratory tract of the subject. Installation is often used in an emergency 
context. Jn many cases it may be used where the subject has a relatively advanced 

15 form of CAL and has been admitted to hospital. 

The medicaments of the invention may also be administered via the nose. 
Again, suitable methods, formulations and devices are known in the art for intranasal 
administration and may be employed. In cases where the medicament is administered 
via the nose the actual target site may be the nasal mucus membranes or alternatively 

20 some other part of the respiratory tract. The medicament will be typically formulated 
and administered accordingly. Jn cases where the medicament is to be administered 
via the nose it may be ; for example, in the form of nasal spray. The spray may be 
administered, for example, using an atomizer or nebulizer. In some cases the 
medicament may be in the form of nasal drop. These may be administered using a via 

25 a medicine dropper. For further discussion on nasal dosage forms see Remington's 
Pharmaceutical Sciences (Supra). Medicaments administered via the nose may 
include pH adjusters, emulsifiers or dispersing agents, preservatives, surfactants, 
gelling agents, or buffering agents. Most preferably the nasal dosage form will be 
isotonic with nasal secretions. 

30 The medicaments may include various constituents to optimise their 

suitability Tor the particular delivery route chosen. The viscosity of the medicaments 



Best Available Copy 



WO is? PCT/GB03/00663 

33 

may be maintained at a desired level using a pharmaceulically acceptable thickening 
agent. Thickening agents that can be used include methyl cellulose, xanthan gum, 
carboxymeihyl cellulose, hydroxypropy] cellulose, carbomer. polyvinyl alcohol, 
alginates, acacia, chitosans and combinaLions thereof. The concentration of the 

5 thickening agent will depend upon the agent selected and the viscosity desired. 

jn some embodiments, and in particular where intranasal delivery is to be 
used ; the medicaments may comprise ahumectant This may help reduce or prevent 
drying of ihe mucus mcmhumc and to prevent irritation of the membranes. Suitable 
humectants include sorbim-h mineral oil. vegetable oil and glycerol; soothing agents; 

10 membrane conditioners: sweeteners; and combinations thereof. 

The medicaments may comprise a surfactant. Suitable surfactants include 
non-ionic, anionic and canonic surfactants. Examples of surfactants that may be used 
include, for example, po:vo:<yethylene derivatives of fatty acid partial esters of 
sorbitol anhydrides, such as for example. Tween S0 ; Polyoxyl 40 Stearate, Polyoxy 

15 ethylene 5 n c/:ea.rakc fusm; :cs. bile salts and Octoxynol. 

Kits 

A kit of [.he inventhm comprises: 

- a piycosaiTdmydycan or a physiologically acceptable salt of either thereof, 
20 which glvcosamincglyc n or salt has an average molecular weight of from 8 to 40 

kiloda lions; 

- in criiciicn:: f"r administering the giycosaminoglycan or salt to a subject 
suffering i':vm CAL; ana 

- packaging. . . 

25 T!m ins-uciinns may provide information on recommended dosages, times of 

administrator., imw ;■■ ad mmster the giycosammegiycan and other advice. The kit 
may a ice- cm .prise means to administer the giycos w uneglycan such as any of those 
discussed herein. 

30 

The .following Examples illustrate the invention. 
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Exnmn J a I : Terrier Ar^iv on Victor .FIuorometi:r 
« > * _ 

■l>\:l.;:;vi l,;;:t.;;1cs were 'Tawed at room temperature and homogenised using a 
syringe (no needle). San: pics were split and portions (0.12-0.20 g) weighed in small 
round-boUcPT/cj iaAer. Tubes were ccnAifiiLved in a micro fugs to sediment sputum. 
5 Mucolytic w a; add-d A spanan on a !.&% volume to weight basis (e.g. 13 ptl/0. 13 g 
sputnra.a ' ; nvaccdyTc wa; therefore diluted by a factor of 10 upon addition to 
sputum, 'j A; mucolytics assessed were D'N T ase..(at a concentration of 2.9 pg/ml of a 
stock --f a, ;i ■■if--- 2 50'i '■ ua A; units per i apj and unfr'.ciionated heparin (at a 
concenii ■ : An A ; 10 V\ rfn ^tock of !60 ■ T SIVr-g - a sodium heparin salt isolated 

10 from poreiue iril-aAnal aurora fr^m Oubioehem : catalogue number 375095, was 
employed). A •'■■rUroI por vi vi.of spm/an was treated whh PBS on a 10% volume to 
weight hasi;-. A f aTer rr-a:A was ireaicd with dexlran sulphate, which is not a 
give > .: lyva a a; . a -a^radon r.f'!0 mg/m! (asodiura salt of dextran 
sulpha 'c ] fr:r- f ips.aa catalogue number D7037. was employed). The 

15 mucolytic ■ -'; •;M-v/;:r p- •• ,ra with rhe sputum 'a vurtcxing and passing up and 
dowa ;: ; A a war r.e ""a. 

The lower wells of a TransweH chamber contained 25i.il of phosphate 
buffered saline AAAA- and AT wa-; separated from lac upper v/clls by an 8|im pore- 
size polyearbona.^ HUcr A A ad rliiny side down). The upper section of the chamber 

20 was pi-.- W- • . r: ad srravA down \\ T'dy. fA-boxy late-modified 

flurry : eA •-'A : v A A AiecaAr Probes) were sonicated for 5 mins to disperse 
them v A- A : A ! a- « aiaaf s in a A ; ahyeaa ! 5 OllI beads added to 

0.1 A . ' . i-aap'a A ■ ahaaire was vorkxed to mix and 20ul of each sample 
added to :he u;\p t v AT •. f Lac AaaAsrr. laaaij samp A wis added to the chamber in 

25 quadruphaaa. T:-* - uA . -ry -'ufjer for - nuns at 1000 rpm to remove air 

bubbior. li^a place/' iasA • a hAck pjastia bap a ad ireun-cd in a humid chamber at 
37°C. ' ' • t : : " ' A-: 

"'w ' ' ' " -A; -harp;-:- «.v»s n r/- a 5 mins at lOOOrpmto. 

force : a ■•: i -'A ' a ; /'an oA'e Irvcrw a! a Tia: upper chamber and gasket 

30 wer<° \- --<r ■■ : A - ^ :r:n::;::se Aaksce. Thexontcnts of the lower wells 
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(25pJ) vwr; hvni:;/ :. ■ I : ■ : 77:-ro-NUNC plnic 175}:! PBS added per well. The 
plate was re. .7 ny'-.u:. ,r T-e-rcmeter with Hie T7;esi;hores : protocol (excitation 
485n;n : e:vi:s:7 5." " ; :r 

The rr , . . .: a.e ~h, we. in die top pj..ol or FLure ]. The mucolytic 
5 effeds < : " u w- w vww- :e ■• ; ' r io:T wwiable the -. (hose of DNase. A Bonferri 
multiple a :v;par ; a i::\n '•wed 7.;:; die effect of I "? m./ml heparin was 
signiilcanliy -rea: ?r iha- ihr-r of d- Too control i'r<0.0i). However, the effects of 
DNase : r 1 "T : nv'r' d-- ■ n : ww~atc (negative rrr,'::-^ were not significantly 
differ w w-; w <: - .: ; " ■ r, -MS control (P>fv: "\ 

10 Tiw ' : " rr ( ; -oilin snlphate on microsphere haesport was also assessed 

using iiv 7 • • as 7osa described a7 s wo. A 7w32 mixture of chondroitins 

A and C w: ,s : is. : ; , -7- ee ■•■ 'd^de ehon Frddns from ravine trachea, obtained 
from:;- w-""-' ■ ' r ~7w was emplw vf). r-\ con; rol containing sputum 

treated \vr l i V!37 sh'wc wwwwcwi r:w The resells retained are shown in the bottom 

15 pane! f, f F ; -wre i. r '7er' : "77n sa'phre was foewd !•» s ; ; , ".:fican.tly increase transport 
of the r- - L v ' •!•/■■ 

Exam^- :d!or<*" >, : er<" 'M>pp 'AFT 0 hr.-.;iii;; '>'"TYNA 

Caifdwews ';. .. ,r \! is-ji'nl) wis ireaied wirh heparin at various 
20 concewrww- ' f T;. !. ■ ' ' 17° i w'nd\ Solution:* were prepared in 0.2 pm 

filtered. D'N;:-;e and F Nd— i we wavr. ! 0 pi of sample was added to freshly cleaved 
ruby rrw^'. :viie rnr-.- ; l r : , n ri AFM hnwdw;. AFM whs- performed in air 
undc .■■ ■ • ' r • ■ : /opoiYhnrix Tr '72000 7e:inning Probe 

* Micro.;.- .-»«: ; !'h. rr : r.:o] e:; ; Bicester, UK) v 7h a 7e ,! 70' 1 2 mm tripod 

25 pie'/w;' " ;, ai . rnplw nwa w -eixews . i" ■« *■ w tehr.ode, were made using 

a"V"-." e-^ew sii: : : '." 7 • a^he- w w nrjh 200 iim. r,nniinnl spring constant (K) 
0.2 1 7*n - 7 ; n : . . .7. Tiw-T.v7 ' icro f x.ope>n Sm; ! a Clara, California, USA) 
bearing an dneijia'cn s - ^ -i prtH-!r: up. 

Th : -sulr;: a=v >: in F : iures 2 and Fie: :-: 3. Jn Figure 2, Panel A = 0.1 
30 mg/si.i F." ■!!'.. '/ • ;/mi ONA -07 i'.. '. eparin. The addition of 

hep.." • ':■ • " . ' n.rthe srruciure o: he D:7A network, increasing the 
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average p-re sv/.: inm ) 80 (SO 5'J) ^in to 780 (o'D 1 50) ym. 

Figure 3 sivovs : with lower concenin-tlons of heparin. Panel A shows 
the results for r.r.ircofed 0\*A: Panel B for DNA treated with 0.1 Lig/ml heparin; 
Pane; 0 for ON/ :■■■:>■••- 4 vdrh 1 lui/nii heparin; and Panel D for DNA treated with 10 
5 |ig/n:; ;:.T--:i:. 

Example 3: Mif Assessm ent 

A 'err -a!.: ;* w : ant. age f 1 \ovirs. with ALD (an ex-smoker, ceased 6 years ago) 
illhfileci \\r/} -;[\r:: v ! h-.pa-n ai ■; d^sc of 5(V»00 nadraa tv.'i-re a day for 14 days. 
10 Altli.- f |. • r • ■* * ea-a;e i". y;")ir"MT'C;ry over d. : ■ ?. l y.y;-: period, there was a • 
marl-'?': imprw ,;a . yr.iptornf of rnigh. and i:n proved clearance of sputum. 
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average pore size from 1 80 (SD 30) pm to 780 (SD 1 50) ym. 

Figure 3 shows results with lower concentrations of heparin. Panel A shows 
the results for untreated DNA: Panel B for DNA treated with 0.1 jig/ml heparin; 
Panel C for DNA treated with 1 |ig/ml heparin; and Panel D for DNA treated with 10 
5 ng/ml heparin. 

Example 3: Patient Assessment 

A female patient, age 81 years, with ALD (an ex-smoker, ceased 6 years ago) 
inhaled unfractionatcd heparin at a dose of 50,000 units, twice a day for 14 days. 
10 Although there was no change in spirometry over this short period, there was a 
marked improvement in symptoms of cough, and improved clearance of sputum. 
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CLAIMS 

1 . Use of a glycosaminoglycan or a physiologically acceptable salt thereof in 
the manufacture of a medicament for treating chronic airflow limitation (CAL) 
wherein the said glycosarainoglycan or salt has an average molecular weight of from 
8 to 40 kilodaltons. 

2. Use according to claim 1 , wherein the glycosaminoglycan or the 
physiologically acceptable salt comprises repeating disaccharide units of general 
formula (1) 

-[A-Bl- (i) 

wherein : 

each A. is the same or different and represents a moiety of formula <i) or (ii) 




R6 R} 



wherein: 

one of R, and R, is hydrogen, and the other is -CO,H, -S0 3 H or -CH 2 OR 
wherein R is hydrogen or -S0 3 H; 

ere of R 3 and P , is hydrogen, and the other is -OR wherein R is hydroger 
-S0 3 H;' 

one of R 5 and R 6 is hydrogen, and the other is -OH; 

* represents a direct bond to an adjacent hydrogen atom or B moiety; and 
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** represents a direct bond to an adjacent B moiety; 
each B is the same or different and represents a moiety of formula (iii) or (iv) 

R 7 

-a 

(iii) 

Ri2 Rio 





5 . wherein: 

one of R 7 and R 8 is hydrogen and the other is -CH 2 OH or -CH 2 OS0 3 H; 
one of R 9 and R 1; , is hydrogen and the other is -NHAc, -NH 2 or -NHS0 3 H; 
oju of R n and is hydrogen and the other is -OH or -OS0 3 H; 

10 indicates a bond in either stereochemical orientation; 

- . * represents a direct bond to a hydrogen atom or an adjacent A moiety; 

* * represents a direct bond' to an adjacent A moiety, 
or a physiologically acceptable salt thereof. 

15 3. Use according to chiiii- ! rj-2, vvherein the glycosaminoglycan is a heparin or a 
derivative tilt :Lof. 

4. Use according to any one' of the preeding claims, wherein the sodium salt of 
heparin or heparin sulphate is used. 



20 



5. Use according to claim 1 or 2, wherein the glycosaminoglycan is chondroitin 
sulphate A ; ciurr.drnitin su:-!-r* C. chondroitin siihv.ar; D, chondroitin sulphate E 
hyaluronic acid., keralan sulphate, heparan sulphate or a derivative of any thereof. 



25 6. Use according to claims 5 ; wherein the glycosaminoglycan is chondroitin 

sulphate A ; chondroitin sulphate C or heparan sulphate or a derivative of any thereof. 
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7. Ur" s-'XTrdinj to any m-e of the preceding c'-hms. wherein the 
glycosanvammvcan ( r sal? has an average molecular .weight of from 12 to 18 kd. 

5 

8. Use according to any one of the preceding claims, wherein the 
glycosaminoglyoan or salt has anti-coagulant activity. 

9. ' Use according to any one. of the preceding claims, wherein the 

10 glycosarr.inori yean or salt r,n£ been subjected to fragmentation and/or 
depolyn v "a ; a. 

10. Use according to any one of the preceding claims, wherein the medicament is 
administered via inhalation, iniranasally. and/or via installation. 

15 

11. Use according to any one of the preceding claims, wherein the medicament is 
for treating a aubieci: who has a VEV ] which is from 20 to 50% of the predicted value 

for an ecy = va :a ,; : .:h ar :;a; 5 c: ing from CAL 

20 12. Use according to any one of the preceding claims, wherein the medicament is. 
for treating a human subject. 

13. Use according to claim 1 2, wherein the snbicct is ; or has been, a smoker. 

25 14. I a - : - : :rg \o am/ a • <>f ciaim J lo "H. whvi^r rhe medicament is for 
treating a no : . -human animal. 

15. . Us-: arcorhmg to ch.im 14. wherein the animal is a horse, dog, cat, cow or 
bull. 

30 

16. ' .A method of ireahag CAL comprising administering to a subject suffering 
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from CA:.. -\movA\ l jrslycosami.nogiyc>\: or a physiologically acceptable 

salt thereof ddineJ in any o;ic of claims 1 to 9. 

17. A ii'.ci!: v; according to claim 16. wherein the glycosaminoglycan or salt is 
5 delivered via inhalation, irilranasaily or via installation. 

18. An a;\r.u .1 r ■ rea'.ing O L comprising g I y c o > a rn i n r> gl yean or a 
physio;:- :■':■-!!;• -.v. --nAA > - u 'hor^f;' ■ d-.iir.ci! ; o :t; "f claims 1 to 9. 

10 -19.. A kit comprising: 

- a fry: n-riMinovlycan or ?. physiologically acceptable salt thereof as 
defined in any on?. of claims I to 9: 

- instructions for administering the glycosaminoglycan or salt to 
asubjec' RrfrH:^- IV-mti CM.: and ■ • ■ 
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PUS 



2.9 ug/ml DNase 10 mf/ml Heparin 

N'.s.-colytic Treatment 



10mg/ml Dextran 
Sulphate 



£ 70000:: ■; 

c 

3 

g 600000 
c 

8 

8 500000 

0 
3 

~ 400000 - 

I 

0) 

£ 300000 
to 
o 

c ! 
c 200000 -j 
*- 
o 

* i 

g moo:':] • 

8 
B 

H 0 



0.1 1 

Chcndicitin Sulphate Concontrnti ^n (mg/mt) 



10 



FIGURE 1 



Best Available Copy 




Best Available Copy 



WO03/06KIS7 PCT/GB03/00663 

3/3 



i :gure 

A, 




C 



i "IT 



A. CLASSIFICATION ( 

IPC 7 A61r 

A6i ; 



According to Internal: 
B. FIELDS SEARCH 



Minimum documents 

IPC 7 A61K 



Documentation search o! c'Vr 



C. DOCUMENTS C: 



Category 0 Citatic n »i 



P,X 
P,Y 



WO 

tec;; : 

the v 

c' 
p? ' 

W( 
11 
th 
* 

p.cr 

pa; 

pac 

C : c 



Further doci 



0 Special categories < 

'A' document deft; 
considered to 

•E* earlier documen: 
filing date 

B L* document which 
which is citec 
citation oroth: : 

'O* document refer 
other means 

■P" document pubi; 
later than the : 



Best Available Copy 

r ■ v.-:h report 



r t. ■ 



Electronic data base 

EPO-Interric Ha 



re 



AG1K31/727 A61P11 



•;!' sn-J 'assignation and i?C 



by r»;i:-.:siltcatbn symbols) 



">"--H; r!ala base am!. wJiers s---=c - - 

ir., :riBASE, loem 



-.. .... :;.v ■ '.. ,. !.:' ru -•->:. 



• ETT5 INST 
c -;Z (£002-04-25) 

■.'■'..•••9-51,64,91-93 
i' TOM PHARMA) 

" . P . 3 * 

io 10, paragraph 1 



-/- 



>\ ptication No 

03/00663 



: 9/72 



I.-: tic: ■ the extent that such documents arc- - . : >v: '\>i. \> v. arched 



in 



Patent i;»mli 



"T !;-'-:r ciocurnoiil p: 
t,r i.v-^cf ity riaifi ; 
t:i!*=:f lo U--Jvj*.:'o!t. 
iiivei.iion 

*X' document r-l jwrll 
can no-! — r,i ■ i 
invcive a^ 1 , m.-jv 

*Y* document of ;>;:" 
cannrt ho cc:k ; - . 
document is sv." " ■■ 

i:i ;;ie ?.:'.. 
W C'.v.:i:rneni :n$:.n:: ■ 



Date of the actual c ::■ 


. : t : 


{;:ite of nuT-v;: 


22 May " ' 




23/0-/ 


Name and mailing 






Et: 






K • 
To' 




Luangr 



Relevant to claim No. 



1-19 
1-19 

1-19 



i./ic-f in annex. 



'-\01Vfc 1 ; 

. . on f : ; 



national filing date 
..r the application but 
r i -;ory underlying the 

■■!•■ claimed invention 
: be considered to 
.cument is taken alone 

•: claimed Invention 
inventive step when the 
■. >re other such docu- 
% :t us to a person skilled 



if/imi? :*:;;rri! family 



•toroa; search report 



/ r o 



C .(Continuation) DC . j 



Category" CItalio: 



us ' 

20 

tl-. 

c I '• 

cc : 
COl : 
COV 
cc". '.■ 

R/ 
PF 

AC V 
H/. ■ 

Af-r 

Ni 

p-: : 
i; : 

t Sl- 
ab, 
pa; 
3 : ; 

P 

P - : 
F 

F 

G : 
MF'. 

i;." 

AP '>'''■ 
B T 
1 . 

i: ••• 

4- ' - 

L. ~ 

F" 

p ^ 



V ' 

1 ' 

p 
p 

p-- 



Best Available Copy 



• .>C!-: report 



■ ;• ■:. ;i; reiov.-m: p.- '. ;jus 



- -::/ 3 P) 



j FvLYSACCHAi " MS 
•:• TASE-iMD" ED 

' DISEASE, 

r.i?u (i92:--oa) : 

5 



3 -column 



. -l INHIBITION OF 
!.V ALFHA1-PR0TEINASE 

. iv T AL MEDICINE AND 

POOL, j 4 168 



r : i M i \ i " : v /' 



,r CC?D" 
XPOC 154 



• iti .html > 



p : icatlon No 

■/00663 



: Relevant io clalnn No. 



I 



1-19 
1-19 



1-19 



1-19 



1-19 



1-19 



Best Available Copy 



C.(Contlnuatlon) 



Category • Cital 



A'.'.' 

?" 

A 

X: 

R- 

<l"i 

T 



RCPORT 



* rt.; i .vn: passages 



: ! ' ::-n : what is CORD 

:;v . ;;GrO : 'Online! 

: : T-..L: 
i /, -nlro/cc finiticri.htm 



;* p;.:icatlon No 

03 '00663 



i Relevant lo claim No. 



Best Available Copy 

i »nc application No. 

, , nN., T nnPT ! . JT/GB 03/00663 

Boxl Observat : ■ \ ; c..r:a ■ /a- • .-.re fcwstcJ unsearchable (Conti;.ua;ion cf item 1 of first sheet) 
This International Ss. .- nera - : ims ; ■ r>: ■■ ilaaiished in respect of certain claims under ArUcle 17(2)(a) lor the following reasons: 

1. IT] Claims N: , : 

because ■■ ::ad Jo '-a coached by -:"-'3 Autho-;:; , nn.-nc.V: 

see F n r :/:*/! "A/210 

2. f^J Claims K 

because: :ha: do not r.r- rjiy w;*,- ■ ? ihad .--u-qulrernents to such 

anexteni - • .■ . . ...? ; a' cl;!, upa:, iical 1 /: 

3. f^J Claims r. 

because v ' 5 ■; ■= — : dra:'aa In a:aofdanc3 with the second and third silences of Rule 6.4(a). 

Box II Observ \. " I. ; i,.... ing (Continuation of iter. :. nf lirst sheet) 

This Internationa! . - • : - leinaticna; appi'ra 1 - . .... laiicvs: 

1. I I As all re-:: ii ■■■ . - /p.." : / .-oplic .vv, ;his intoi . Search .• rjort covers all 

1 — '-searcha: 

2 - LD As all se : r c ■ : -' s \ r ,g ar, addi:ior«.: ' A u : ho/ ■■: -id not invite payment 
of any ar 

3. I I As only some *:f tn-\ --. --: ; r^ a : -ona 5 > {e--.s v/ore timely paid by the applicant, this International Search Report 
1 — 1 covers only \'r sr. ;..«• -i ' ■: feer .-.Yd, sr-- Jficaily claims r!o^.: 

4. Q Norequir . ! ■ * c - ,: "a:;t. Criscpi^.n' V. r. lorr.ni;. r. ,1 Search Report Is 

restricted.- ■< > - .m. ; : u*:....: ^ is c-v^ied by claims Not-.: 

Remark on Protest j j *s additional search fees were accompanied the applicant's protest 

» I f it; protest accompanied the raymeni cf additional search fees. 



Best Available Copy 



FURTHER INFOP :i CO J N ED HO>' PCT/ISA/ 210 



Continu 2 * 

Althoug - ' c'i. " rt- - tc a method of r.v tmcr,t the 

human/a- r :. iv-. v-en carried cc\ r..v: based on the 

alleged . . ; ... Ui on. 



Continua ; ^ n 



Rule 39 3 :.' V . ":>r f r^cti.-crvt the hurr.nn or animal body by 

therapy 



Best Available Copy 



Application No 



T/bD 03/00663 



Patent d :.* - 
cited in sec ..ir.; ..-i 

WO 0232406 



wo oo;: r 7, 



Pi-lant lam:!/ 



•07-2002 



2440302 A 

0232405 A2 

00212c:':;; A] 



OS 



cz 
jp 

NO 



6235725 31 

1 2cr j ~io •«. 



2001 133 o "3 
1 124" " 2 A 2 
20025352-15 T 

20012057 A 
5902021 A3 



US 607 



2020 



591223; 



, •. j 
OA 



/• 7 • 



6937: . •: 

1 1 7 

065 - "■ 



') Al 
J Dl 
3 12 



W0 997; 2 3 



1 1 c'. 



2oo ; 



Publication 
date 



29-04-2002 
25-04-2002 
12-09-2002 



22-05- 
22-05- 
18-06- 
11-05- 
02-01- 
17-04- 
22-08- 
22-10- 
15-06- 
02-07- 
11-05- 



15- 06- 

16- 09- 
21-08- 
10-08- 

13- 01- 
15-03- 
12-03- 

14- 02- 

03- 02- 

04- 04- 
31-10- 
10-06- 
19-12- 
10-05- 
01-11- 
03-02- 



•2001 
•2000 
•2002 
•2000 
2002 
■2002 
2001 
•2002 
2001 
2002 
2000 

1999 
1997 
1995 
1995 
1998 
2002 
1998 
1994 
1994 
2002 
2002 
2002 
2001 
1995 
2002 
1994 



09-11- 
22-02- 
15-08- 

11- 10- 
31-05- 
29-01- 
14-08- 
14-03- 
31-05- 
06-11- 

12- 03- 
11-02- 

27- 02- 

28- 01- 



1999 
1999 
2000 
2000 
2000 
2001 
2001 
2000 
2002 
2000 
2001 
1999 
2001 
1999 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

U LINES OR MARKS ON ORIGINAL DOCUMENT 

(2Q REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



